Context: Vitamin D status has been associated with performance, health, and well-being in athletic populations. The measurement of vitamin D status via 25-hydroxyvitamin D (25[OH]D) testing has increased in the general population, as has vitamin D supplement use. It is unclear if similar patterns exist in collegiate athletics programs.
V itamin D is a hormone primarily obtained by cutaneous synthesis upon exposure to sunlight and other sources of ultraviolet B (UVB) light. Some foods and dietary supplements also provide vitamin D. Vitamin D deficiency and insufficiency, or low vitamin D (LVD), are prevalent among athletes. 1 For example, 20% to 85% of National Collegiate Athletic Association (NCAA) athletes have LVD. [2] [3] [4] Symptoms of LVD may include bone and muscle pain, weakness, and fatigue. 5 Evidence also suggests that LVD affects athletes' performance, health, and well-being.
Observational studies 3, 4, [6] [7] [8] [9] [10] [11] [12] [13] indicated that muscle function; exercise recovery and adaptation; and occurrence of stress fracture, soft tissue injury, and illness are higher in athletes with LVD. However, investigations to evaluate the effects of vitamin D supplementation on these measures have been limited in number and complicated by contradictory results. 6, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] Presently, minimal consensus exists regarding the prevention, evaluation, and treatment of LVD for the general population 24 or athletes. 25 One example is the very definition of LVD. The Endocrine Society defined vitamin O n l i n e F i r s t D deficiency as a serum 25-hydroxyvitamin D (25[OH]D) ,20 ng/mL and insufficiency as 25(OH)D of 20 to 30 ng/ mL. 26 In contrast, the National Academy of Medicine (formerly known as the Institute of Medicine) described a 25(OH)D of 12 to 20 ng/mL as meeting the needs of 97.5% of adults in the United States. 27 Recommendations for optimal 25(OH)D for athletes vary broadly, but targets as high as 40 to 100 ng/mL exist. 28 In light of the high prevalence of LVD and the potential health and performance consequences of LVD, vitamin D has become a popular topic for athletic populations. Anecdotal evidence of substantial increases in 25(OH)D screening (testing without specific cause or indication) and testing in the collegiate athletics setting mirrors increases observed in the general population. 24 Use of vitamin D supplements for prevention and treatment of LVD has increased in the collegiate setting as well. 29 Knowledge of existing clinical practice patterns in the collegiate setting is important for evaluating and establishing programmatic best practices, policies, and procedures for sports medicine providers. The purpose of our study was to describe the clinical care provided by NCAA Division I sports medicine providers related to the evaluation, prevention, and treatment of LVD.
METHODS

Participants and Study Design
In spring 2018, head athletic trainers (ATs) from the 347 athletics programs that sponsor NCAA Division I intercollegiate sports were invited via e-mail to participate in an online survey about vitamin D-related clinical care within their athletics programs. We selected head ATs were selected because they are well situated to respond to questions about the health and welfare of student-athletes. If a program did not have an individual with the title of ''head athletic trainer,'' the director of sports medicine, athletic director for sports medicine, or director of sports health was invited to participate. When more than 1 individual had the same title, a group e-mail invitation was sent to each person possessing the title, with a request for only 1 response per program. Invited participants will be referred to as head ATs throughout this article. In all, e-mail invitations were sent to 361 head ATs. This study was reviewed by the Institutional Review Board of Virginia Tech and considered exempt (IRB No. .
Survey Development
The survey contained 20 questions (6 of these were 2-part questions) in the following domain areas: Table 1) . Questions were either based on those used in previous studies or were created by the survey-development team. A complete copy of the survey may be obtained by contacting the corresponding author (M.R.).
Questions were transferred into the Qualtrics online survey tool (version XM; Provo, UT). A group of 27 ATs working in NCAA Division I athletics programs pilot tested the survey in an online format. Modifications to survey questions were made based on the pilot-study feedback. For example, none of the 27 pilot participants were able to provide details about the vitamin D supplements (dose, form, frequency, and duration of treatment) prescribed to athletes in their programs. Thus, we asked more general questions about vitamin D supplements and allowed free-response space for them to provide more details. Pilot participants also commented that the survey was too long and that some questions felt intrusive. Ten pilot participants stated that they would be unlikely to respond to the survey as written because they felt their institution could be identified through the data requested. Therefore, we eliminated or modified questions and details not considered essential for the primary objective. The survey-development team tested and provided feedback on the revised survey.
A brief statement of the study purpose was sent to respondents along with a link to the online survey. Participants were given 6 weeks to complete the survey. Reminder e-mails were sent to head ATs who had not responded by weeks 4 and 5. Survey responses were considered complete if at least 50% of the questions were answered.
Data Analysis
Data were downloaded from Qualtrics into a single spreadsheet and imported into PRISM (version 8; Graph-Pad, San Francisco, CA) for statistical analysis. Descriptive statistics (frequency, percentage, and mean 6 standard deviation, if applicable) were conducted on survey responses. One-way analysis of variance (ANOVA) was used to assess differences in responses based on program and participant characteristics. Chi-square tests were used for categorical responses. Significance was set at P , .05. O n l i n e F i r s t
RESULTS
Survey responses were received from 249 head ATs, which reflected a 72% response rate. Participants were 65% male, 82% were .45 years old, and 77% had .16 years of experience as an AT. Characteristics of the athletics programs represented are shown in Table 2 . Two responses were omitted from the analyses because ,25% of questions were answered.
Vitamin D Protocol or Policy
Fifty participants (20%) indicated that their athletics program had a formal protocol or policy related to the evaluation, prevention, or treatment (or a combination of these) of LVD, while 119 (80%) participants indicated that their program did not or they were unsure. No participants supplied details about their vitamin D protocol or policy in the space provided.
Serum 25(OH)D Testing
In response to the question about whether 25(OH)D tests were conducted on any student-athletes in their athletics program, 169 (68%) participants responded yes, 70 (29%) no, and 8 (3%) unsure. About one quarter of participants (59 [24%]) indicated that student-athletes from all sports underwent serum 25(OH)D testing and 37 (15%) indicated that student-athletes from all female sports did. Other sports mentioned specifically by more than 10% of participants were men's basketball, women's basketball, women's crosscountry, women's gymnastics, football, men's track and field, and women's track and field. Team physicians (163 [66%]) were most likely to order 25(OH)D tests, followed by ATs (47 [19%]), registered dietitians or nutritionists (25 [10%]), and student health personnel (12 [5%] ).
The majority of participants responded that the athlete's general health status or health history (193 [78%]) or injury status or injury history (183 [74%]) were indicators for vitamin D blood tests. Vitamin D blood screening (ie, testing student-athletes without specific cause or indication) was reported by 49 (20%) respondents, while 22 (9%) responded that 25(OH)D tests were conducted based on previous 25(OH)D test results. In a separate question, 85 (35%) respondents indicated that student-athletes who had a diagnosis of LVD were likely to be followed up or retested in the future, while 146 (59%) indicated that no follow-up or repeat 25(OH)D tests would be likely to occur in studentathletes who had an LVD diagnosis (6% were unsure).
Target or goal 25(OH)D concentrations reported by participants are shown inTable 3. When asked their opinion about the appropriateness of their athletics program's target blood vitamin D concentrations, 74 (30%) thought the target was appropriate, 57 (23%) thought it should be lower, 22 (9%) thought it should be higher, and 94 (38%) were unsure.
Vitamin D Supplements
Responses related to whether the athletics program was responsible for the cost of vitamin D supplements are given in Figure 1 . No correlation was present between whether an athletics program covered the cost of vitamin D supplements and whether vitamin D supplements were rated as a good use of athletics program funds. In response to the final survey question, which asked respondents to indicate ''If there is any additional information you would like to share about clinical practice related to vitamin D within your athletics program,'' 43 (17%) of participants described blanket or routine vitamin D supplementation patterns in their athletics program. Participants' statements included the following:
''We used to get a vitamin D test on every athlete at physicals, but it seems like they were all coming back low, so now we just give out vitamin D supplements after practice.'' ''For all of our teams that are primarily indoors for training, we provide vitamin D [supplements] prophylactically.'' O n l i n e F i r s t multiplying number of annual tests by the mid-range of the costs summarized in Figure 2 . According to this calculation, an average of $7250 was spent on 25(OH)D testing (range ¼ $600 to $160 000). The cost of 25(OH)D tests and the number of tests ordered were not correlated. Of the participants, 143 (58%) stated that vitamin D blood testing and vitamin D supplements were not a good use of athletics program funds, while 77 (31%) responded that they were a good use of funds, 22 (9%) said they were sometimes a good use of funds, and 5 (2%) were unsure. No correlation was demonstrated between participants' perceptions of the use of athletics programs' funds and the likelihood of the program's conducting 25(OH)D testing or funding vitamin D supplements. Athletics programs that employed a registered dietitian or nutritionist were more likely to have a vitamin D protocol in place (P , .05). The 115 respondents who reported that their athletics program was part of the Football Bowl Subdivision were more likely to conduct vitamin D testing, pay for vitamin D supplements, and believe that vitamin D testing and supplements were a good use of athletics program funds compared with programs that were part of the Football Championship Subdivision (all P values , .05). No other differences between responses based on characteristics of the athletics programs or head ATs were identified.
DISCUSSION
The purpose of our study was to describe the clinical care related to the evaluation, prevention, and treatment of LVD by NCAA Division I collegiate athletics programs. The strong response rate from experienced ATs at diverse athletics programs led us to believe the responses were representative of NCAA Division I athletics programs throughout the United States. More than two-thirds of NCAA Division I athletics programs evaluated vitamin D status (via 25[OH]D testing). More than half of programs sometimes or always paid for vitamin D supplements for student-athletes. To our knowledge, this is the first study to describe vitamin D-related clinical care in the collegiate athletics setting.
Three primary reasons were given for ordering a blood test for a nutritional metabolite such as 25(OH)D: to evaluate deficiency, assess toxicity, or monitor treatment. 30 Screening for vitamin D deficiency and toxicity is typically not recommended in the general, healthy population due to insufficient evidence of its benefits and harms. 26, 27, 31 Some clinical practice guidelines 26, 32 recommended testing 25(OH)D to monitor the response 8 to 12 weeks after initiating treatment. Different standards and specifications for biomarker testing in athletes are common, considering the desire to detect even minor physiological concerns or changes that may affect performance, recovery, and the risk of injury or illness. 33 In the absence of consistent athlete-specific 25(OH)D testing guidelines, observing the practices that have evolved in the athletic community can help us to evaluate current practices and move toward deliberate, evidenceinformed care. One-fifth of NCAA Division I collegiate athletics programs reported 25(OH)D screening for all athletes without a particular cause. Future research or internal analyses should examine the utility and value of this testing. We found that fewer than half of the participants reported follow-up testing in athletes who were diagnosed with LVD based on a 25(OH)D test. To evaluate an athlete's response to treatment, determine the effectiveness of the treatment form or dose, and limit the risk of vitamin D toxicity, monitoring 25(OH)D throughout treatment is recommended, particularly once an athlete has received a diagnosis of LVD. 28 The consequences of laboratory test overuse have been well documented in the general population. 34 Specifically, nonindicated laboratory testing has been associated with minimal patient benefit and increased harm. 35 As described, indicators for and expectations related to laboratory testing among some athletic populations differed from those of the general population. The American College of Sports Medicine and Academy of Nutrition and Dietetics joint position statement on nutrition and performance 36 advised that ''athletes with a history of stress fracture, bone or joint injury, signs of overtraining, muscle pain or weakness, and a lifestyle involving low exposure to UVB'' may require 25(OH)D assessment. Athletics programs may benefit from the development of strategic 25(OH)D testing and followup testing guidelines and protocols, particularly when budgetary resources are limited.
Few participants (20%) reported that their athletics program had a vitamin D-specific protocol in effect. A complicating factor in establishing vitamin D policies and procedures is disagreement over many aspects related to evaluating, preventing, and treating LVD. Conflicting recommendations for target 25(OH)D concentrations exist, 24 as evidenced by the large variability in target 25(OH)D concentrations reported among athletics programs in this study (Figure 1 ). It should be noted that many factors are known to influence 25(OH)D. For example, nonwhite individuals typically have lower 25(OH)D O n l i n e F i r s t concentrations compared with individuals who have lighter skin pigmentation. 37 Although this may be explained in part by decreased endogenous synthesis when exposed to UVB rays based on differences in skin pigmentation, genetic variation likely also plays a role. 38 In addition, 25(OH)D concentrations may be lower in athletes with more body fat, illness, infection, or recent muscle damage. 39, 40 Finally, variation within and between laboratories and assays that measure 25(OH)D is well documented, 41, 42 so evaluating and comparing results is difficult. Variable guidelines for target dietary vitamin D intake and treatment strategies for LVD exist as well. 32 Furthermore, dosing strategies vary broadly in the form of vitamin D (D 2 versus D 3 ), mode of delivery (eg, tablet or capsule, spray, intramuscular injection), frequency of dosing (eg, daily, weekly, monthly), and amount of vitamin D (from 400 IU to 150 000 IU is available). 32 Although evidence suggested that vitamin D 3 was preferable to vitamin D 2 and daily or weekly dosing was preferable to larger monthly doses, an optimal dosing strategy has not been described. [43] [44] [45] In our study, athletics programs that employed a registered dietitian or nutritionist were more likely to have an established vitamin D protocol. Designating a specific member of the sports medicine staff to manage such a protocol and navigate the emerging and variable evidence may be valuable. An alternative to 25(OH)D testing is blanket or routine supplementation (ie, providing vitamin D supplements broadly to athletes without individualization or knowledge of their 25[OH]D concentrations). This method has become more common among athletic populations, as noted by more than 15% of participants in this study. The ingestion of 1000 to 2000 IU of vitamin D 3 daily has been recommended for preventing LVD or maintaining the 25(OH)D concentration during autumn and the winter months, when UVB synthesis is low or nonexistent. 46 However, a limitation of this strategy is that individual factors influencing the 25(OH)D concentration are not considered and the choice of supplementation may be too low or excessive. Vitamin D toxicity is uncommon, but symptoms can include nausea and vomiting, other gastrointestinal symptoms, bone loss, and kidney stones. 26 Based on our data, the option to conduct 25(OH)D testing may depend on the budget, as evidenced by Football Bowl Subdivision programs having a higher rate of 25(OH)D testing than Football Championship Subdivision programs. Interestingly, more than half of the participants responded that 25(OH)D testing and vitamin D supplements were not a good use of athletics program funds. It is impossible to determine the factors contributing to this response, yet continued education about the potential consequences of LVD on athletes' health and performance may be beneficial to ATs and other sports medicine providers.
Strengths of this study were the excellent response rate (72%), with nearly 250 head ATs from NCAA Division I collegiate athletics programs offering insight into their clinical practices related to vitamin D. Limitations of this study include not obtaining information about participants' geographic locations or the total number of student-athletes in each athletics program. Future research to learn more about specific vitamin D supplementation protocols used in athletics programs, in addition to the outcomes of 25(OH)D testing, is needed. Additionally, clinical trials investigating the effects of vitamin D supplementation on athletic performance, health, and wellbeing would be beneficial in establishing best practices for sports medicine providers working with collegiate athletes.
CONCLUSIONS
Overall, vitamin D is an accessible, low-risk, and fairly lowcost intervention with the potential to improve performance and health in athletes. Emerging research, controversial guidelines, and a paucity of athlete-specific recommendations are reflected in the large variability of vitamin D-related clinical care demonstrated by NCAA Division I athletics programs. With 68% of athletics programs regularly testing 25(OH)D concentrations and 42% covering the costs of vitamin D supplements, developing policies and procedures informed by the best evidence available is important. Knowledge of clinical practice patterns in the collegiate setting is critical for evaluating and establishing best practices, policies, and procedures for sports medicine and sports nutrition professionals.
O n l i n e F i r s t
